Applying a Stochastic Production Frontier to farm-level data from shrimp farmers in West Bengal, India, this paper examines technical efficiency and its determinants in both scientific and traditional shrimp farming systems. The empirical results suggest high degrees of technical inefficiency among the shrimp farmers at household level. The scientific shrimp farmers have a higher technical efficiency than their traditional counterparts. This necessitates government policy initiatives and extension programmes which will help the shrimp farmers especially the traditional ones of the state to utilize the best of their resources and enhance their production substantially. The government should also give adequate attention to small shrimp producers by providing them credit and other extension facilities.
Introduction
Shrimp has become an important item in the world's seafood production since it forms 20% of the world seafood production and 30% of the world seafood trade. Asian countries like Taiwan, Indonesia, Thailand and India have emerged as global leaders in shrimp production from the past two decades. India, the fifth largest shrimp producing country in the world has achieved considerable progress in shrimp production. Shrimp accounts for 58% of the total value of marine product exports from India.
Taking note of the potential of brackish water aquaculture in general and shrimp culture in particular, government has taken many initiatives to promote this sector. The commercial shrimp culture received special attention when it was declared as the "Sunrise Industry" in the eighth five year plan. Nevertheless, the country lags behind in terms of productivity of shrimp compared to other shrimp producing countries in 2 Asia.
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In order to improve the productivity of shrimp in India various steps have been taken which includes up-gradation of technology. In India, semi-intensive scientific shrimp farming technology was introduced in order to enhance the productivity of shrimp farming. But traditional (improved) and extensive shrimp farming continues to dominate in the country and occupies more than 70% of the area under shrimp farming.
The productivity of shrimp farming in India can be enhanced either by adopting advanced scientific techniques or by increasing production efficiency. However, improvement in efficiency is more cost-effective than introduction of new technologies if the producers are not efficient (Belbase and Grabowski, 1985; Dey et al., 2000) . Thus, improving the efficiency of the shrimp farmers, assumes great importance. This necessitates studies on technical efficiency of shrimp farming across alternative shrimp farming systems and states. A study on technical efficiency of two different shrimp farming systems would help to identify whether the shrimp farmers adopting the advanced scientific shrimp farming system are using the technology in an efficient manner as compared to the traditional 2 shrimp farmers. Such studies would be useful for the policymakers to identify the scope for improving shrimp production using the existing technology.
The technical efficiency of shrimp farming in India has been studied only by few authors like Gunaratne and Leung (1996) , Kumar et al (2004) , Uma Devi and Prasad (2004) etc. Both the studies by Gunaratne and Leung (1996) and Uma Devi and Prasad (2004) revealed little difference between the technical efficiencies of the alternative shrimp farming systems extensive, and semi-intensive (these systems are similar in nature to the traditional and scientific shrimp farming system as mentioned in the study). But these studies focused on shrimp farms with average farm size of more than 2 hectares. In India more than 80% of the shrimp farmers belong to the category with farm sizes less than 2 hectares. So, a study on shrimp farmers culturing shrimp at household level and at smaller shrimp farms assumes importance.
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In this respect the present study attempts to estimate the technical efficiency of alternative shrimp farming systems operated by household level small holders in West Bengal. West Bengal ranks second in terms of area under shrimp culture and third in terms of shrimp production among the Indian maritime states. Thus, the state provides suitable scope for studying the efficiency of alternative shrimp culture systems. The present paper also attempts to identify the factors influencing technical efficiency in shrimp production under two alternative shrimp farming systems.
The paper is organized as follows. The next section outlines the stochastic frontier production function methodology employed to measure the technical efficiency. The third section discusses the specification of the model for empirical estimates. The fourth section describes the data source used. The fifth section presents the results obtained and the final section summarizes the main findings and suggests policy implications.
Methodology
The concept of technical efficiency was first introduced by Farell (1957) .
Later Aigner, Lovell and Schmidt (1977) and Meeusen and Van den Broeck (1977) Sharma (1999) , Sharma and Leung (1998) , Gunaratne and Leung(1996) , Dey et al.(2000) have used Stochastic
Frontier Production Function to measure technical efficiencies of different aquaculture products like Carps, Telapia and Shrimp .
In the present study the Stochastic Frontier Production Approach is used to estimate the technical efficiency of traditional and scientific shrimp farming in West Bengal. The Stochastic Frontier Production Function with a composite error term is more appropriate for measuring efficiency in the context of developing country agriculture where the 4 probability of the data being influenced by errors of measurement and the effects of weather conditions, disease etc, is high (Coelli et al, 1998; Dey et al., 2000) . Hence, in order to examine the efficiency of shrimp farming we have adopted the Stochastic Frontier Production Function approach. A review of technical efficiency analysis in shrimp culture by Sharma and Leung (2003) provides some useful insights towards the use of appropriate methodologies for efficiency analysis in aquaculture. It has been argued that in the case of multi-output aquaculture system Data Envelopment Analysis (DEA) is more appropriate, but in the case of aquaculture products like shrimp, which are highly susceptible to disease outbreak, Stochastic Frontier Production Function is a more appropriate approach. Following this line we have used Stochastic Frontier Production function to measure the efficiency of traditional and scientific shrimp farming at the household level.
The stochastic frontier is defined as the maximum output attainable from a given set of measured inputs and technology. In Stochastic Frontier Production Approach error term is decomposed into two components. The symmetric component captures random variation in output due to the factors that are not under the farmers' control. This term accounts for measurement errors and other random factors such as effects of weather, disease outbreak, luck etc. The other component is a one-sided error accounting for production loss due to unit-specific technical inefficiency. The model can be introduced in a production function specified as: u i is always greater than or equal to zero and assumed to be independent of the random error, v i .A higher value of u i indicates higher technical inefficiency. If u i is zero then the farmer is perfectly technically efficient.
Under the above mentioned assumptions Aigner, Lovell and Schmidt (1977) Battese and Corra (1977) .
which has a value between 0 and 1. γ is defined as the total variation of output from the frontier which can be attributed to technical inefficiency ( Battese and Corra,1977) . A zero value of γ indicates that deviation from frontier is entirely due to noise while a value of one would indicate that the deviations are entirely due to technical inefficiency (Coelli et al, 1998) .
The log-likelihood function can be specified as The best predictor of ui is the conditional expectation of ui given v i -u i . Battese and Coelli (1988) 
Model Specification
In order to measure farm level technical efficiency scores we have specified Stochastic Production Frontier with Cobb-Douglas functional form propounded by Aigner et al. (1977) and Meeusen and Van den Broeck (1977) . Other more flexible functional forms could have been chosen.
Since Cobb-Douglas functional from is widely used in studies estimating technical efficiency of agricultural production (Battese, 1992) , in the present study, this function form is chosen. The Stochastic Frontier
Production Function with Cobb-Douglas functional form for scientific shrimp farming system is specified as:
Where, Y is the output (gross return of the i th shrimp farmer in Rs./acre) , Stock is the number of shrimp seed stocked per acre, LAB is the hired and family labour used in production (man days/acre),
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Feed is amount of shrimp feed used (Kg./acre), PUMPHR is the machine power used in production measured in terms of total pump hour used in production (hour/acre), FERT is expenditure on fertilizers and other medicines (Rs./acre), CAP is the capital cost incurred in the production which includes depreciation and interest on farm building and construction, farm machineries and other farm equipment (Rs./acre). D1: Dummy variable; = 1, if the shrimp farm(s) is situated at a distance of 100 meters to 500 meters from the creek; =0 otherwise. D2: Dummy variable; =1, if the shrimp farm(s) is situated at a distance of more than 500 meters from the creek; =0 otherwise.
Given the different nature of production in traditional shrimp farming we have specified the Stochastic Frontier Production Function for traditional farmers as follows:
The technical efficiencies under the above mentioned assumptions for scientific and traditional shrimp farming are estimated using Maximum Likelihood Method with the help of Frontier 4.1 software, which also considers γ parameterization of the frontier model for estimation.
The Schumpeterian theory of development emphasizes that efficiency of a farmer depends on the technological know-how and on the socio-economic conditions under which they work (Kalirajan and Shand, 1994 
10
The regression equation for factors influencing technical efficiency of shrimp farming is specified as :
Where e i is the error term.
Data
The technical efficiency of traditional and scientific shrimp farming in West Bengal was estimated using farm level cross section data for the 
Results and Discussion
A summary of values of the key variables used in the estimation of stochastic frontier production function and the farm specific factors determining technical efficiency are presented in Table A2 and A3 respectively in Appendix 1. It can be observed from the tables that the traditional shrimp farmers on the average use 153 man-days of labour, per acre, whereas scientific shrimp farming requires a higher labour input amounting to 439 per acre. As demands of the corresponding technologies vary, more intensive scientific shrimp framing has a higher use of capital, labour as well as fertilizers in shrimp production.
The socio-economic characteristics of the shrimp farmers used as determinants of technical efficiency are presented in Table A3 of Appendix 1. It can be observed that the level of experience of the sample traditional shrimp farmers is higher than that of the scientific shrimp farmers. The sample scientific shrimp farmers are having higher level of education. In the case of sample traditional shrimp farmers the proportion of leased land in shrimp farms is more.
The results of the estimation of the Stochastic Frontier Production
Function for traditional and scientific shrimp farming are presented in Table 1 . In case of traditional shrimp farming, coefficients of all the inputs 13 are significant and have the expected positive sign except fertilizer (FERT). The results show that the per acre output in traditional shrimp farms is positively related to labour, stocking of shrimp seeds and the capital cost incurred in production. The slope coefficient of capital has the highest elasticity followed by that for stocking of shrimp seeds.
Only coefficient of fertilizer has negative effect on output in the case of traditional shrimp farming, although it is not statistically significant.
Further, the estimation results signify that location of the shrimp farms also has a significant impact on shrimp output. The coefficient of dummy variable D 2 is negative and statistically significant. This implies that traditional shrimp farms which are located at a distance more than 500 meters from the creek yield less output. Source: Primary Survey, Note: (1) Numbers in parentheses are the t-statistics; (2) The number of observations is 100 for scientific and 108 for traditional shrimp farming, (4)*, **and*** denote that the coefficients are significant at 1%, 5% and 10% respectively.
14 The significant value of γ indicates that the difference between observed output and actual output is not only due to factors that are beyond the farmer's control, but also due to some technical inefficiency.
The value of γ (0.71) signifies that 71% of the difference in observed and the frontier output is primarily due to factors, which are under the control of the farmers. The mean technical efficiency of the traditional shrimp farmers is estimated as 49%. This implies, using the existing inputs in an efficient manner, the traditional farmers can increase the output by 51%.
In the case of scientific shrimp farming, the slope coefficients of the inputs, feed, pumphours and capital are statistically significant and have positive influence on output. Feed has the highest elasticity of output followed by capital and pump hours in the case of scientific shrimp farming. As for the case of traditional shrimp farming, for scientific shrimp farmers also we find that location of shrimp farms has significant influence on output. It can be observed from Table 1 that scientific shrimp farms which are located at a distance above 500 meters from the creek yield lesser output. The significant value of γ implies that the difference between observed output and actual output is not only due to the statistical variability alone, but also due to the technical inefficiency.
The value of γ (0.79) signifies that 79% of the difference in observed and the frontier output is primarily due to factors, which are under the control of the farmers. The mean technical efficiency of the scientific farmers is estimated as 61%. This implies that scientific shrimp farmers realize only 61% of the potential output, which they can produce, with the existing levels of inputs. So, without increasing the use of inputs, just by following the best possible management practices the scientific shrimp farmers can enhance their output by 39%. 
Profile of Traditional and Scientific Shrimp Farmers by Technical Efficiency Rankings
After obtaining the farmer specific technical efficiencies as described in the previous section, now let us observe the profile of the traditional and scientific shrimp farmers across the technical efficiency rankings. and the disease-management practices followed by the shrimp farmers. Table 2 and Table 3 table that the percentage of shrimp farmers who followed the prescribed practice of disease management was higher for the higher technical efficiency groups. The shrimp farmers with lower technical efficiency mostly followed the first two practices which are not the prescribed ones.
This indicates that the traditional shrimp farmers who attained higher level of technical efficiency mostly followed the prescribed disease management practices. In the case of scientific shrimp farmers also we find that the higher the per acre output of the shrimp farmers, the higher was the technical efficiency level obtained by them. Table 3 shows that more than 85% of the shrimp farmers, who belonged to low technical efficiency level also had low level of output per acre. The percentage of shrimp farmers associated with the village level associations was highest (62.9) for the high technical efficiency groups, but even the shrimp farmers belonging to the low technical efficiency group also had considerable association (60%) with the village level committees. Thus the farmers' membership in the village committees does not necessarily lead to higher technical efficiency. Table 3 also reveals that though the percentage of shrimp farmers owning licence for shrimp farming was quite less for the lower technical efficiency group, the other three technical efficiency groups contained almost similar percentages of licensed shrimp farmers. In the case of scientific shrimp farming an important step to manage shrimp diseases is the testing of water quality regularly and taking the advise of trained technicians. It can be seen from the table that percentage of shrimp farmers who went for regular checking of water quality by trained technicians was higher in the higher groups of technical efficiency than in the lower groups. This suggests that the shrimp farmers who attained higher level of technical efficiency were more conscious about the quality of water and went for regular water checking. 
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Factors Influencing Technical Efficiency
The results of the present study reveal that there is significant inefficiency in shrimp farming by the sample shrimp farmers. According to Kalirajan and Shand (1994) (Green,2000 ) . Thus in the present paper we have gone for an OLS estimation of the technical efficiency scores on the variables mentioned in equation (5).
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The results of the estimation are presented in Table 4 . The results suggest that in the case of traditional shrimp farming, all the dummy variables for shrimp farmer categories had a significant influence on the technical efficiency. The negative sign of the coefficients of the dummy variables FMAR, FSMALL and FMED indicates that the marginal, small and medium traditional shrimp farmers had lesser technical efficiency than the large shrimp farmers, i.e, the large farmers had higher efficiency than all the other categories of traditional shrimp farmers. In many studies pertaining to Indian agriculture (Bagi, 1981; Sekar et al, 1991) it has been found that the small farmers will try to operate at higher efficiency level than large farmers using their own resources. In the case of Bangladesh a study by Thomas et al (2001) (2) Total number of observations are 100 and 108 in the case of scientific and traditional shrimp farming systems respectively, (3)*, **and*** denote that the coefficients are significant at 1%, 5% and 10% respectively.
Estimation results for scientific shrimp farmers reveal that variables 
Conclusion and Policy Implications
The study has assessed the technical efficiency of traditional and scientific The productivity of shrimp in India is about 635 kg/ha, as against 3116 kg/ha in Thailand, 1500 kg/ha in Malaysia , 800 Kg./ha in China and 770 kg/ha in Philippines (Kumar et al.,2004) 2
The terms traditional and scientific shrimp farming used in the present study have the features as described in Table A1 of Appendix 1.
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For details see Coelli, Rao and Battese (1998) . 
Appendix 1
